Intimal thickening of uncertain cause has been noted in saphenous vein bypass grafts. To study the development of these changes, 97 vein grafts in 55 autopsied patients were examined by angiography and histology. Significant alterations in the grafts were confined to the intima and included thin layers of circumferential thrombus, concentric fibrous plaque and occlusive thrombus with organization. Circumferential nonocclusive intimal thrombus was present in 36 (73%) postoperative patent grafts. Concentric fibrous
SAPHENOUS VEIN BYPASS GRAFTS have exhibited intimal thickening after implantation periods of four weeks or more.1-4 Although the intimal change has been attributed to a reparative phenomenon, to "natural" alterations, to "6arterialization" of vein segments unaccustomed to systemic pressure or to a reaction to changing blood flow patterns,'"8 little is known about its etiology or pathogenesis. To evaluate the sequence of development of the intimal changes in transplanted veins, 97 saphenous vein coronary artery bypass grafts from 55 autopsied patients were studied. The results suggest that the intimal lesions in the transplanted grafts, which are virtually indistinguishable from naturally occurring atherosclerosis, may be derived in part from nonocclusive intimal thrombus.
Materials and Methods
The clinical and pathologic features of the 55 patients in the autopsy files of The Johns Hopkins Hospital who had received one or more saphenous vein coronary artery bypass grafts were reviewed. In all but two cases, the hearts had been studied after postmortem coronary angiography using a barium-gel-pigment injection mass and fixation in distention prior to sectioning.9 Stereoscopic radiographs prepared in at least two planes were available. From each graft blocks were removed which contained the distal (or bypass-graft-to-coronary-artery) anastomosis, and representative areas of the midportion of the vein graft. The proximal (or aorta-to-vein graft) anastomosis or other portions plaque, found in all twelve patent late grafts, showed changes characteristic of atheromata, including smooth muscle and foam cells. Intimal fibroelastosis was absent in the grafts, indicating that concentric plaque is not a simple response to increased pressure, or an "arterialization" of the vein. The findings suggest that early appearing concentric intimal thrombus is converted into fibrous plaque, and that this early thrombus is a factor in the development of accelerated "atherosclerosis" in saphenous vein bypass grafts. of the vein graft were examined by serial histologic sections as appropriate when abnormalities were noted by radiograph or gross examination. The blocks of tissue from the distal anastomosis were routinely processed, paraffin embedded and serially sectioned at 8 ,. Every fifteenth section was retained and alternate sections stained with hematoxylin and eosin, Verhoeff-van Gieson (VvG), elastic and either phosphotungstic acid-hematoxylin (PTAH), periodic acid-Schiff (PAS) or other stains as indicated. Additional blocks of vein graft had oil red 0 fat stains prepared on 6 , frozen sections. The adjacent block from midgraft was paraffin embedded, sectioned and stained with H&E, PTAH, VvG and PAS. Segments of veins in place for varying periods were selected from seven hearts which had been fixed in formalin and subsequently stored in Kaiserlings solution, a glycerin-based holding medium. Tissue from coronary artery atheromata was obtained from the same hearts for comparison with the vein grafts. Small fragments were postfixed in 2% osmium textroxide, processed and embedded in epoxy resin. Thick (1 ,u) sections were cut and stained with toluidine blue. Ultrathin sections were stained with uranyl acetate and lead citrate and examined in an electron microscope (AEI-801).
Results
Features of 97 grafts studied in the 55 patients are summarized in table 1. The patients ranged in age from 35 to 70 years (average 55) and 78% were men. Dividing the patients according to postoperative interval, 20 died intraoperatively (group I); 12 from one to 12 hours after operation (group II); 14 from two to 21 days (group III); and nine from one to 54 months (group IV) after operation. There were no significant differences among the four groups with regard to age, sex, cardiovascular risk factors or severity of cardiac disease. Group I. In the 40 grafts in group I changes were minimal ( fig. 2 ). There was some variation in the amount of medial elastic, collagen, and smooth muscle and focal fibroelastic plaques were present. Small fibrin microthrombi were also present in six grafts (15%). None of these grafts were occluded by thrombus.
Group Il. In the 22 group II grafts, focal laminar deposits of fibrin thrombus were present in 16 (73%), and in four grafts circumferential fibrin deposits covered over 75% of the intimal surface in at least two cross sections of the vessel. In none of the 22 grafts were occlusive thrombi present.
Group III. Of the 21 grafts which had been in place for one to 21 days (group III), two grafts (10%) were occluded by organizing thrombus 16 and 21 days after surgery ( fig. 3 ). Of the remaining 19 grafts intimal changes included thin laminar deposits of fibrin and a concentric fibrous plaque which consisted of loose cellular connective tissue frequently containing foci of fibrin. Foci of laminar intimal fibrin were present in 14 grafts (74%). In three patients the layers of fibrin thrombi coated the entire intimal circumference (fig.  4 ). Compared to the fibrin deposits in the group I grafts, the layers of fibrin deposits in group III tended to be thicker. In addition to the fibrin thrombi, circumferential intimal fibrous plaques of irregular thickness were present in four (2 1%) grafts, each of which had been in place for over 14 days. Special stains demonstrated the presence of lipid laden macrophages in one of these four grafts.
Group IV. In the 14 group IV grafts, six (43%) had occlusive thrombi with organization and recanalization. Of the remaining eight patent grafts intimal fibrin thrombus of the type seen in group II and III grafts was present in six (75%). Intimal fibrous plaque, however, was present in all of the patent grafts in place for over one month's time. The concentric fibrous plaque consisted of cellular connective tissue containing smooth muscle cells, foam cells, extracellular fibers, collagen, scattered vessels of recanalization and rare elastic fibers ( fig. 5 ). Over half of the grafts showed infiltration of the fibrous plaque by lipid laden macrophages. Aside from adventitial thickening by fibrous tissue associated with epicardial adhesions, there were no changes in other parts of the vein wall.
Fibrous plaque tended to become more marked with longer periods of implantation and with narrowings of the distal vein-to-artery anastomosis. In two patients with grafts for four and six months, focal, lumenal narrowings of the saphenous vein grafts by circumferential fibrous plaque was seen by postmortem angiogram and by gross and histologic examination to exceed 75%.
Electron Microscopic Studies
The tissue examined showed extensive artifactual distortion and postmortem changes. It was possible, however, to B C v$\A_th. . identify intimal fibrin deposits in the grafts from groups It, III and IV.
The circumferential fibrous plaque was comprised of abundant collagen fibrils; ground substance containing scattered mesenchymal cells, many showing the charac-teristics of smooth muscle cells including myofibrils, and basement membranes. Several of these cells contained vacuoles that appeared to have been nonmembrane bound lipid. The atheromata contained cells similar to those seen in the intimal plaque of the vein grafts. 
Discussion hours of separation from cardiopulmonary bypass in nearly
Results of this study of 97 grafts of saphenous vein to cor-34of the grafts and after one month in all grafts. The intimal onary artery indicate that significant alterations in the vein lesions were of three types: 1) occlusive thrombus, 2) thin grafts were confined to the intima and were evident within 12 layers of circumferential intimal fibrin and platelet microthrombi, and 3) concentric fibrous plaque.
1) Occlusive Thrombus
Although occlusive thrombus may well occur and cause graft failure in the first few hours after implantation2'3, none of our saphenous vein grafts implanted for less than 24 hours were occluded by fresh thrombus. Occlusive thrombus with organization and recanalization was present in eight (8%) of the 97 grafts, and in 43% of the 14 grafts in place for over one month. In some instances occlusive thrombus was py~~~~~~~~~~related to endarterectomy and thrombosis of the grafted artery (two cases) and in others to severe stenosis of the distal anastomosis (two cases). The time course of histological changes in the organization of the occlusive thrombus in the grafts did not differ from that seen elsewhere in the vascular
2) Nonocclusive Intimal Thrombi
Intimal fibrin microthrombi were present in 15% of grafts placed in hearts that never separated from cardiopulmonary bypass, but in 73% of those grafts which survived up IC~~~~~~~~~~~~~~~to 12 hours after operation. This suggests that within the first several hours after graft implantation fibrin micro- was also present in all such cases.
Intimal thrombus was also present in approximately ¾/4 of vein grafts implanted from one to 21 days (group III). Although the frequency of fibrin thrombi was similar to that in grafts in place for only hours, the amount of fibrin deposited was greater in grafts in place for days compared to hours.5 Continuous circumferential layering of the intimal surface of the vein graft was also observed in several of the grafts.
Fibrin thrombus was also found in 74% of grafts in place for more than one month suggesting that fibrin microthrombi accumulate on the intimal surface of the vein grafts within hours of implantation and continue to deposit with time.
3) Nonocclusive Concentric Fibrous Plaque
The third type of intimal lesion occurring in the transplanted vein segments was nonocclusive concentric fibrous plaque. This intimal lesion consisted of cellular connective tissue with smooth muscle cells, foam cells, collagen, extracellular fibers and rare elastic fibers. The most striking feature of the intimal plaque was that it was virtually indistinguishable morphologically from fibrous plaques of atherosclerosis, although its development time was accelerated. Others have also recognized these changes to be virtually identical to atherosclerosis.5' 7 I The "atherosclerotic" changes were not present in any grafts implanted for less than 12 hours, but were present to some degree in 21% of the patent grafts in place for up to 30 days and in all patent grafts after 30 days. The amount of fibrous plaque varied, however, and was not necessarily related to period of implantation. In two of the late grafts the concentric plaques caused focal lumenal narrowing of >75%. These two grafts had been in place for four and six months and showed more severe narrowings than several other grafts with longer implantation time. Whether the lesion is progressive with time is uncertain; to determine this more experience with late grafts will be necessary.
Other factors may contribute to the degree to which plaque develops. Narrowing at the anastomosis site appeared to accentuate plaque formation. One patient, in whom two grafts were placed for five months, had extensive plaque formation throughout one graft which had a >75% downstream narrowing at the anastomosis site, but less circumferential fibrous plaque was present in the graft with a widely patent anastomosis. Other factors such as age, hypertension, hyperlipidemia, diabetes and anticoagulation may also bear on the development of this lesion.
The development of intimal fibrous plaque in saphenous vein grafts has also been reported by others. Vlodaver and Edwards2 described intimal proliferative lesions in six of eight grafts examined 30 days or more after operation. Kern et al.3 described nonocclusive intimal lesions resembling early atherosclerosis in four grafts implanted for more than two months, and Unni et al.5 in 15 grafts after one month. Although most reports have not recognized intimal lesions FIGURE 6. Comparison ofplaquefrom vein graft and elastic patterns in a normal artery and the intimalfibroelastosis of systemic and pulmonary hypertension. The absence of elastic fibers in the circumferentialfibrous plaque suggests that it does not form in response to the increased pressure to which the vein is exposed. A ) Vein graft from group I V with plaque in which no elastic fibers are found. The circumferentialfibro us plaque consists ofmesenchymal cells, collagen andfibrin deposits on the intimal surface. B) Normal elastic artery with multiple medial elastic lamellae. C) Renal artery from patient with long-standing severe systemic hypertension which shows intimalfibroelastosis. D) Pulmonary vein with intimal fibroelastosis from patient with pulmlonary hypertension produced by long-standing severe left-sided congestive heart failure. (All VvG, X 250) in the early grafts except for occlusive thrombus, Unni et al. did describe variable amounts of fibrin in the intima in eight of nine grafts during the first week after implantation.
The etiology of the intimal fibrous plaque has been the subject of much speculation. It has been suggested that its proliferation is a natural result of exposing a vein to arterial pressure, a process that has been described as "arterialization" of the vein. 6 Others have speculated that the intimal lesion is the reparative response of the vein to the hemodynamic stress of increased pressure or changing of flow patterns particularly when there is a downstream obstruction at the anastomosis site.2 '3 Intimal proliferation in arteries that accompanies hypertensive hemodynamic stress differs somewhat from the intimal lesions present in our patients. Hypertensive intimal changes are characterized by fibroelastic tissue proliferation ( fig. 6 ) typified by hypertensive vessels of the kidney, and the intima fibroelastosis that develops in the hypertensive pulmonary veins.'0 The intimal lesions in our patients did not show fibroelastosis despite marked, and at times nearly occlusive, intimal proliferation. Thus it appears that the newly formed fibrous plaque may not be a simple response to increased pressure or an "arterialization" of a vein.
Another possible explanation for the development of intimal plaques in the vein grafts may be derived from the intimal lesions present in the "early" grafts in place for less than 30 days. Circumferential intimal fibrin thrombus was a common finding in these early grafts and organization of the fibrin microthrombi might well lead to the fibrous intimal plaque.
The role of thrombi in naturally occurring human atherosclerosis has been the subject of much interest. In 1852 von Rokitansky" claimed that atheromata were derived from fibrin encrustation on the arterial wall. It was subsequently demonstrated that mural platelet thrombi were replaced by fibrin within hours, and within approximately two weeks' time could organize into fibromuscular, at times lipid laden, plaques. Duguid,'2 who felt organization of mural thrombi was important in the development of atherosclerosis, described the process as follows: "mural thrombi when recently formed are easily recognized by the fibrin they contain or by the signs of organization, but when organization is complete these distinctive features are lost and there remains only a fibrous thickening which looks like an overgrowth of intima." Experimental studies have demonstrated that advanced fibro-fatty lesions identical to atherosclerosis may develop from platelet thrombi and that these plaques may contain the same lipid, smooth muscle and fibrous tissue components present in human atherosclerosis. 13 16 Similarly it appears likely that the accelerated "atherosclerosis" which develops in bypass grafts may be derived from the small fibrin thrombi present in the earliest of grafts ( fig. 7 ).
The causes of fibrin platelet thrombi in the native arterial tree are many, and may also apply to transplanted veins. Almost any factor which damages the vascular endothelium may result in deposition of platelet-fibrin thrombi on its surface. Surgical manipulation, stretching due to arterial pressure, and changing blood flow patterns may disrupt vein endothelium and precipitate microthrombus formation.
Whatever the initial insult, however, our findings indicate that intimal fibrin mural thrombi do form in the majority of these vein grafts within 24 hours of implantation, and con- tinue to form for months. That at least some of these fibrin thrombi undergo the usual course of organization into a fibromuscular plaque is difficult to dispute; and that early thrombus is at least one factor, and perhaps the most important, in the development of the early "atherosclerosis" in these transplanted veins is highly probable. SUMMARY From 1967 through 1973, 80 consecutive patients underwent simultaneous aortic valve replacement (AVR) and coronary bypass grafting. Fourteen (18%) experienced no angina pectoris and had no history or electrocardiographic evidence of coronary atherosclerosis. Seven of these 14 had severe multiple vessel disease. All operations were performed under normothermic conditions without coronary perfusion. Seven patients (9%) died during operation. Intraoperative myocardial infarction was documented in eight (10%). THE FREQUENT FINDING of coronary atherosclerosis in adults with aortic valve disease has influenced the practice of coronary arteriography in the preoperative examination. Patients with aortic stenosis (AS) who experienced angina pectoris have a prevalence of 58% severe coronary obstruction(s) reported by Lewis and Creus' and 64% reported by Hancock2 in series documented by arteriography. Those without angina and/or patients with aortic regurgitation (AR) have a lower prevalence of associated coronary artery stenosis.
Atherosclerotic heart disease may severely jeopardize the prognosis after valve replacement. To offset this risk, with proper angiographic indications, bypass grafts have been combined with all forms of valve repair or replacement. Aortic valve replacement performed simultaneously with direct myocardial revascularization is the subject of this report. In reviewing the Cleveland Clinic experience, we aortic regurgitation patients [seven of 13 (54%)] compared to aortic stenosis [17 of 54 (31%)] (P < 0.07), and mixed pathology [I of 13 (8%)]. Thirty-one of 34 (91%) grafts in 25 patients were patent an average of 12 months postoperatively. After 42 months a 65% actuarial survival was found in the combined AVR and graft(s) series versus a 76% survival in 300 AVR patients proven by angiography not to have severe coronary atherosclerosis. emphasize clinical results and long-term survival, and discuss factors which potentially influence valvular and coronary artery operations.
Clinical Experience From November 1967 through December 1973, aortic valve replacement (AVR) combined with coronary artery surgery was performed in 80 consecutive patients (76 men and 4 women) aged 44 to 70 years (mean, 57 years). The yearly distribution of operations was 1967, 2; 1968, 1; 1969, 2; 1970, 12; 1971, 19; 1972, 19; 1973, 25. The American Heart Association reporting system for grading coronary artery disease3 was used to describe clinical and angiographic findings. Angina pectoris was defined as 1) exertional pain related to effort and relieved within 5 min by rest or coronary vasodilators; 2) rest pain is considered a) pain at rest when not in bed, b) nocturnal pain (angina decubitus), 3) unstable angina, or 4) atypical pain considered cardiac in origin. Of 66 patients with angina pectoris, the pain was classified (AHA functional classification) as mild in 30, moderate in 17, and severe in 19. A diagnosis of congestive heart failure (CHF) was accepted when the history revealed dyspnea at rest, orthopnea, paroxysmal
